
Flood, R.D., Piper, D.J.W., Klaus, A., and Peterson, L.C. (Eds.), 1997
Proceedings of the Ocean Drilling Program, Scientific Results, Vol. 155
10. COMPARISON OF SHIPBOARD VS. SHORE-BASED SPECTRAL DATA FROM AMAZON FAN 
CORES: IMPLICATIONS FOR INTERPRETING SEDIMENT COMPOSITION1

William L. Balsam,2 John E. Damuth,2 and Ralph R. Schneider3

ABSTRACT

Reflectance spectrophotometry potentially provides a rapid method of investigating the changing characteristics and com-
position of marine sediments. Recognizing this, the Ocean Drilling Program has permanently deployed a commercially avail-
able, handheld spectrophotometer, the Minolta CM-2002, aboard the JOIDES Resolution. The present study evaluated
shipboard spectral data obtained from Amazon Fan cores during Leg 155 using the Minolta instrument. These data were com-
pared to spectra measured from comparable Leg 155 core samples using a shore-based, research-grade, Perkin-Elmer Lambda
6 spectrophotometer. The spectral signal is muted in the percent-reflectance curves from the wet sediments analyzed aboard
ship when compared to percent-reflectance curves generated from dry core samples on shore. However, when both sets of
reflectance curves are processed using a first-derivative transformation, shipboard and shore-based analyses are quite similar
and suggest that useful, accurate spectral data can be obtained from wet core sediments at sea. This observation is further sup-
ported by factor analysis of parallel (shipboard vs. shore-based) data sets (400–700 nm) produced by the two instruments. The
same four factors are present in both data sets, but do not necessarily explain a similar amount of variance. These factors are
related to hematite plus goethite, clay minerals, organic matter, and carbonate content.

The shore-based spectral data set was subjected to further factor analysis to determine if additional compositional informa-
tion could be extracted using the increased accuracy and extended wavelength range (250–850 nm) of the laboratory instru-
ment. This analysis produced one additional factor, probably chlorite; separated hematite and goethite into two factors; and
clarified the nature of the clay mineral factor as probably a combination of illite and montmorillonite. By calculating factor
scores, semiquantitative estimates of concentrations of variations of these sediment components were calculated downhole for
several Leg 155 sites. The Amazon Fan sediments represent a rigorous test of the spectral technique because most of the sedi-
ments are dark and show little variation in the visible region of the electromagnetic spectrum. Nevertheless, it was possible to
extract compositional information from the spectra.

Our investigations also lead us to make the following important recommendations for using the Minolta CM-2002 spectro-
photometer at sea. First, if wet core surfaces must be covered with plastic film during spectral measurements to protect the
instrument, only Glad Cling Wrap (a brand of clear plastic food wrap) should be used because this brand does not significantly
distort the spectra of the sediments. Second, when calibrating the Minolta instrument, the white calibration cap should not be
covered by the clear plastic wrap used to cover the cores. Third, the Minolta instrument should be set to exclude the specular
component (SCE setting) for all measurements, and the optional granular-materials cover for the instrument (CM-A40) should
not be used. These recommendations will ensure that the spectral data can be compared directly to data generated by labora-
tory-grade spectrophotometers.
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INTRODUCTION AND PREVIOUS WORK

Marine geologists have used color to describe marine sediment
cores for many years. Color is the human eye’s perception of refl
ed radiation in the visible region of the electromagnetic spectr
(VIS, 400–700 nm). Sediment color is usually determined by co
parison to a color chart like the Geological Society of America Ro
Color Chart (Goddard et al., 1948), which is a derivative of the Mu
sell Color Chart. However, such color-chart analysis is inexact 
cause no two observers have the same color perception. Color
tends to obscure differences in VIS spectra because similar co
may result from the mixing of different spectral wavelengths. Ma
of the problems related to color analysis can be overcome by u
diffuse-reflectance spectrophotometry, a technique in which light 
flected from a sample is collected in a reflectance sphere and c
pared to light reflected from a pure white standard throughout 
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wavelength range being analyzed. The data produced by this t
nique are reflectance as a function of wavelength relative to a s
dard.

Attempts to use reflectance spectra without respect to color to
terpret marine cores date back to the mid-1960s (Chester and E
field, 1966, 1968; Chester and Green, 1968); however, a conce
effort to exploit near ultraviolet, visible, and near infrared (NUV
VIS/NIR) spectral reflectance as a marine geological research 
has only recently been undertaken. Deaton (1987) quantified Mun
color-chart chips with a reflectance spectrophotometer in an atte
to help geologists relate color to spectra. Although such analysi
color chips makes the determination of color more precise, it does
alleviate the problems associated with the scientific use of co
Studies by Barranco et al. (1989), Deaton and Balsam (1991), Bal
and Deaton (1991, 1996), Herbert et al. (1992), and Mix et al. (19
have shown that many marine sediment components have distinc
spectral signatures. VIS reflectance spectra have been used to id
fy the iron oxide and oxyhydroxide minerals hematite and goeth
the clay minerals illite, montmorillonite and chlorite, calcite, and se
iment organic content (Deaton and Balsam, 1991; Balsam 
Deaton, 1991, 1996). Infrared reflectance spectra identified usin
Fourier Transform Infrared Spectrophotometer (FTIR) were utiliz
to quantify the abundances of a number of minerals including calc
quartz, and different clay minerals (Herbert et al., 1992).
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Both the reflectance spectrophotometer used by Balsam and
Deaton and the FTIR used by Herbert et al. analyze only one sample
at a time, and each sample then has to be changed manually. Both ma-
chines take about 60 s to analyze a sample; the FTIR actually per-
forms a single analysis in 5 s, but uses numerous stacked analyses to
remove noise. Mix et al. (1992, 1995) developed a VIS/NIR scanning
spectrophotometer that can be deployed at sea. This instrument has
been utilized to scan cores aboard the JOIDES Resolution and is ca-
pable of analyzing a small area of a core’s surface (about a 2-cm
cle) in 5 s, then automatically advancing down the core and mak
subsequent measurements. In addition, compact, handheld spe
photometers, such as the Minolta CM-2002, which was used in
present study (see below) are also available. A Minolta CM-2002 
also been routinely used to measure color spectra of core sedim
on several Ocean Drilling Program legs, including Leg 155 discus
in this study (e.g., Schneider et al., 1995). Despite these differen
in instrumentation, the ultimate goal of spectrophotometry studie
to provide accurate, qualitative, and quantitative estimates of s
ment composition.

Leg 155 was the first Ocean Drilling Program leg where sedim
cores were analyzed by both the handheld shipboard spectrophotom
eter, a Minolta CM-2002, aboard the JOIDES Resolution and a shore-
based, research-grade spectrophotometer, a Perkin-Elmer Lamb
at the University of Texas at Arlington. Comparable databases w
assembled from both the shipboard and shore-based instrumen
address three general categories of questions:

1. Are the results of the shore-based and shipboard instrum
comparable? If not, how and why do they differ? Does the li
ited wavelength range and sensitivity of the shipboard inst
ment exclude the identification of some sediment com
ponents?

2. Can the techniques used to gather data aboard ship with
Minolta spectrophotometer be improved to provide data co
parable to that of the shore-based spectrophotometer?

3. What can be learned about the composition and mineralog
Amazon Fan sediment from spectral analysis?

COMPARISON OF SHIPBOARD AND SHORE-BASED 
SPECTRAL ANALYSES

One major objective of this study is to compare spectral analy
obtained by the shipboard (Minolta CM-2002) and shore-based (P
kin-Elmer Lambda 6) instruments. Any comparison of shipboard a
shore-based spectral analyses must take into account differenc
instrumentation and differences related to the nature of the samp

Differences in Instrumentation

The major differences between the shipboard and shore-base
struments are listed in Table 1. Two of the differences listed, stand
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and light source, present potential problems when comparing res
from the Minolta and Perkin-Elmer spectrophotometers. In additio
a setting on the Minolta (SCE vs. SCI) must also be addressed.

Standards

Standards and instrument calibration are intimately related. 
though the calibration procedure for both instruments is similar, s
tle differences in calibration may cause large variations in spec
readings. The Perkin-Elmer Lambda 6 uses barium sulfate plate
set the 100% reflectance level. Because the Perkin-Elmer’s sam
compartment is light-tight, the zero-percent level does not have to
set. In contrast, a white ceramic tile cap attachment is used for 
brating the Minolta CM-2002. The cap itself does not set the 10
level; rather, the cap is a ceramic transfer standard that is physic
calibrated against a primary barium-sulfate standard. The absolut
flectance of this primary BaSO4 standard as determined at the Nation
al Physical Laboratory in the United Kingdom is used for referen
This primary standard is a pressed BaSO4 plate formed according to
ISO 7724/2. The absolute reflectance values relative to the prim
BaSO4 standard at 31 wavelengths (400–700 nm at 10 nm interv
for the ceramic tile cap are stored on the memory card of the Mino
When a white calibration is performed, the instrument sets the ref
tance at each wavelength to its stored value relative to the stan
(E. Becker, Product Line Manager, Minolta Instrument System
pers. comm., 1995, 1996). In addition to white calibration, it is a
necessary to set the zero-percent level on the Minolta, either by u
a black box or by pointing the instrument into a void.

If calibrations for the Minolta and Perkin-Elmer differ, they coul
bias comparison of reflectance values measured by the two ins
ments. As an experiment, we calibrated a Minolta CM-2002 inst
ment (identical to the ones used aboard JOIDES Resolution) using the
white tile calibration cap supplied by Minolta, then analyzed a wh
BaSO4 standard plate used to calibrate the Perkin-Elmer spectrop
tometer. The BaSO4 plate exhibited uniformly high values, except a
the violet end of the spectrum (400–450 nm), where reflectance 
ues decreased a few percent (Fig. 1). Thus, the Minolta seem
slightly suppress violet wavelengths relative to the Perkin-Elm
Several factors probably contribute to the difference in readings
BaSO4 obtained with the Minolta and Perkin-Elmer instruments. I
strument geometry, band width, age of the BaSO4 plate, age of the in-
tegrating sphere, and source of the BaSO4 all may contribute small
deviations in setting the 100% level. We are currently analyzing a
riety of BaSO4 standards to determine the range of spectral variat
that can be expected with these instruments.

Light Source

The Minolta instrument uses a Xenon pulse light source, wher
the Perkin-Elmer uses a tungsten filament light source for visi
(VIS, 400–700 nm) and near infrared (NIR, 700–850 nm) wav
lengths, and a deuterium light source for near ultraviolet (NUV, 25
Table 1. Differences in instrumentation.

Spectrophotometer Minolta CM-2002 Perkin-Elmer Lambda 6

Location Shipboard JOIDES Resolution Shore-based University of Texas at Arlington
Operation Mobile-handheld, field or lab use Stationary in laboratory
Wavelength range 400−700 nm 250−850 nm (diffuse reflectance mode)
Data recording interval 10 nm (= wavelength pitch) 1 nm
Minimum slit width 15 nm (= half-bandwidth) 1 nm (2-nm slit width used in analyses)
Analysis time ~3 s ~120 s
Standard White ceramic tile cap, which is a transfer standard related to BaSO4 BaSO4 plate
Light source Xenon pulse lamp Tungsten lamp (VIS and NIR); deuterium lamp (NUV)
Specular component Choice to include (SCI setting) or to exclude (SCE setting) Excluded-diffuse reflectance mode only
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400 nm) wavelengths. Differences in the light sources could poten-
tially bias results, although calibration should, theoretically, remove
many of the differences.

SCE vs. SCI Settings

The Minolta CM-2002 has a switch that allows the specular com-
ponent to be included (SCI) or excluded (SCE); the Perkin-Elmer in-
strument excludes the specular component (SCE). Specular reflec-
tance is perfect reflectance (e.g., reflectance from a mirror). Includ-
ing the specular component essentially includes glare and provides a
better estimate of color as seen by the human eye. However, glare
does not contribute to the spectrum, and, therefore, including the
specular component (SCI setting) makes comparison to data from a
laboratory spectrophotometer such as the Perkin-Elmer difficult be-
cause most of these instruments read only diffuse reflectance. Thus,
setting the Minolta instrument on the SCE setting facilitates compar-
ison with laboratory instruments. Diffuse reflectance is the result of
scattering from an irregular surface and the collection of scattered
and reflected light in a reflectance sphere. The SCE setting is de-

Figure 1. Comparison of reflectance values measured from the BaSO4 stan-
dard plate using the Minolta CM-2002 and the Perkin-Elmer Lambda 6 spec-
trophotometer. The BaSO4 plate is used as the standard to set the 100% level
on the Perkin-Elmer Lambda 6 instrument. Note that the BaSO4 exhibits uni-
formly high values (~99.58%) across the entire spectrum for the Lambda 6
(top curve, solid circles); however, these values vary slightly (99.50% to
99.66%) and are not 100% because of variations in the placement of the
BaSO4 plate in the instrument’s sample holder. These small variations
reflectance are not significant. In contrast, when the Minolta instrumen
calibrated with its white calibration cap as suggested in the instruction m
ual, reflectance values measured with the BaSO4 plate fall off at the violet
end of the spectrum (solid squares). Calibration of the Minolta instrum
using the BaSO4 plate instead of the white calibration cap produced 
increase in values at the violet end of the spectrum (solid triangles). The 
tom curve (inverted solid triangles) shows the reflectance spectrum produ
by the Minolta instrument when the white cap was used for calibration as
the instruction manual; these reflectance values should be identical to the
ibration data supplied with the cap.
signed to read only diffuse reflectance, and Minolta considers this
setting to be a better all-purpose setting. The SCI setting is designed
to read both diffuse and specular reflectance. In the manual for oper-
ation of the CM-2002 spectrophotometer, Minolta points out that the
SCI setting is most useful for doing color mixing or computer color
matching, whereas the SCE setting more closely matches that of vi-
sual examination and is good for a wide variety of subjects, both with
and without gloss.

Differences in Condition of Samples
Wetness and Surface Roughness

Shipboard analyses were performed on wet core surfaces created
by splitting the core with a metal wire. The roughness of the core sur-
faces varied mainly because of changes in grain size (clay to gravel
size range). In contrast, the shore-based analyses used ground, dried
core samples, which were then mixed into a slurry on glass slides
with distilled water and slowly dried (see Barranco et al., 1989, for
details of sample preparation). As demonstrated by Schneider et al.
(1995), one of the primary results of drying of a core surface is an in-
crease in reflectance. The grinding of samples during slide prepara-
tion produces a number of effects, including a homogeneous distribu-
tion of sediment components and a smooth surface.

In preparation for shipboard core analyses using the Minolta in-
strument, core surfaces were covered with Saran Wrap, a commercial
brand of plastic food wrap, to protect the instrument from water and
wet sediment. The need to use Saran Wrap required that we assess the
effect of the Saran Wrap on the spectra of the cores. Thus, we per-
formed an experiment in which we wrapped a BaSO4 standard from
the P-E Lambda 6 spectrophotometer with Saran Wrap and deter-
mined the reflectance in the visible portion of the spectrum. Ideally,
a clear film used to cover cores should transmit light uniformly across
the visible wavelengths of the electromagnetic spectrum with little
loss through absorption. Our tests show that Saran Wrap does not
meet this criterion because it causes preferential absorption in some
wavelengths and exhibits a general trend of decreasing reflectance to-
ward the violet end of the spectrum (Fig. 2). As a result of these tests,
we examined several other commercially available clear films, main-
ly other brands of plastic food wrap. Of the films tested, Glad Cling
Wrap (crystal clear polyethylene) turned out to be ideal. Spectral
curves obtained through Glad Cling Wrap exhibit routinely high re-
flectance across the entire visible portion of the spectrum. Based on
the limited number of samples we tested, Glad appears to be very
consistent in its spectral behavior (Fig. 2). As a result of these tests,
we strongly recommend that Glad Cling Wrap be used rather than
some other brand of plastic film when analyzing wet core surfaces
with the Minolta instrument. Our tests suggest that the decrease in re-
flectance values at the violet end of the spectrum noted by Schneider
et al. (1995) for Leg 155 sediments probably results from the com-
bined effect of covering cores with Saran Wrap and the Minolta spec-
trophotometer’s tendency to fall off in these wavelengths relative
the Perkin-Elmer instrument (see above).

Oxidation of Sediments

Split cores aboard ship not only dry out while being described a
processed, but also oxidize. Oxidation may have a number of effe
One common sediment component that oxidizes is organic ma
Unoxidized organic matter is dark, and as it oxidizes, the sedim
that contains it becomes lighter, usually changing from dark to li
gray (Deaton and Balsam, 1993). This color change may also re
from the oxidation of reduced iron compounds to iron oxides and 
yhydroxides. The oxidation of iron compounds has the potentia
lighten sediment and to increase reflectance at the red end of the s
trum.
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Because of drying and oxidation, samples constantly become
lighter (increasing in reflectance) and thus change color. Analysis of
wet samples, therefore, presents a “moving target” and yields res
that cannot be reproduced later in the lab. Dried samples yield re
ducible results, but may not correlate to the color of the wet samp

Resolution of Problems Comparing Shipboard
vs. Shore-Based Results

Clearly, some of the problems inherent in the comparison of sh
board and shore-based data cannot be resolved. Differences in w
dry, oxidized vs. unoxidized, type of standard, and nature of the li
source must be taken into account. The effect of many of these di
ences is to alter the reflectance (i.e., making samples either lighte
darker), but not necessarily to change the relative importance of
various wavelengths. As long as the reflectance changes are uni
across the spectrum, and are not concentrated in one or a few w
length bands, then their effect may be negligible.

However, percent reflectance curves are difficult to compare 
cause they are smooth and change gradually. Reflectance cu
from marine sediments typically increase slowly from 400 to 700 n
and contain no pronounced peaks or valleys (Figs. 3, 4; top; see
Balsam and Deaton, 1991; Balsam and Wolhart, 1993). One me
for reducing the importance of absolute percent reflectance val
and thereby making the curves easier to compare, is to calcu
changes in the slope of the curve by taking the first derivative of the
percent reflectance curve (Figs. 3, 4; bottom; Barranco et al., 19
Balsam and Deaton, 1991; Deaton and Balsam, 1991). First-der

Figure 2. Comparison of the effects of using plastic food wrap on VIS spec-
tral measurements. Reflectance spectra from Glad Cling Wrap (solid circles)
and Saran Wrap (open squares) covering a BaSO4 plate analyzed in the Per-
kin-Elmer Lambda 6 instrument. The top curve (open circles) is a reflectance
curve measured from an uncovered BaSO4 standard plate. Solid circles show
the average values (plus standard deviations) for samples from four different
rolls of Glad Cling Wrap. Glad Cling Wrap transmits a substantial portion of
the light without preferential absorption of the spectra. (Note: several addi-
tional samples of Glad Cling Wrap analyzed, but not shown on this diagram,
all exhibited characteristics similar to the four samples shown). In contrast,
the Saran Wrap causes variable absorption throughout the VIS and exhibits a
general trend of decreasing reflectance toward the violet end of the spectrum.
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tive values are high where the slope of the percent reflectance c
changes rapidly. We routinely calculated first-derivative values 
10-nm sample intervals from 400 to 700 nm for each shore-based
shipboard analysis. The resulting 30 values obtained from each a
ysis are then plotted at the midpoint of each 10-nm interval (i.e., 
400 to 410 value is plotted at 405, etc.) and are expressed as %
(Figs. 3, 4: bottom). Typically, first-derivative curves contain mo
peaks than reflectance curves. Barranco et al.(1989), Deaton and
sam (1991), and Balsam and Deaton (1991, 1996) have shown
the positions of peaks on the first-derivative curves are indicative
sediment composition and mineralogy.

Although first-derivative curves provide substantial compositio
al information about many samples, they are not useful for samp
with uniform reflectance across the wavelength range of the analy
For example, white material like carbonate, opaline silica, or qua
exhibits routinely high reflectance in the entire VIS (this is why th
eye perceives these materials as white). First-derivative curves
these materials exhibit little change in the VIS, although all the
white materials have useful reflectance changes in the NUV and N
(Herbert et al., 1992; Gaffey, 1985). Similarly, very dark material e
hibits consistently low values throughout the VIS, and first-deriv
tive curves contain few peaks. Clearly, VIS spectrophotometry m
not be a useful technique for distinguishing white or black sedime
Because Amazon Fan sediments are typically dark in color they r
resent a difficult test for spectral analysis.

Test Comparison of Wet and Dry Sediments

The first and most obvious type of test we performed was a co
parison of individual wet (Minolta) vs. dry (Perkin-Elmer) spectro
photometry measurements from the same stratigraphic levels 
core. We chose core intervals that contained hematite, a mineral
can easily be identified by VIS spectrophotometry at concentratio
as low as 0.01% in a carbonate-rich matrix and 0.03% in a clay-r
matrix (Deaton and Balsam, 1991). Sediments in the top 50 cm 
0.5 mbsf) of Hole 935A appeared especially appropriate beca
both the core descriptions and the shipboard spectrophotom
(Schneider et al.,1995) indicated that these samples contained he
tite. We compared two shipboard measurements on wet core from
tervals 155-935A-1H-1, 10–11 cm and 45–46 cm, with shore-ba
measurements on dry Samples 155-935A-1H-1, 4–5 cm and 43
cm (Figs. 3, 4). Although corresponding wet and dry measureme
are not from exactly the same stratigraphic levels, they are withi
to 5 cm of each other. In addition, the wet measurement at 45–46
was taken just above the top of a more indurated, iron-rich oxidiz
lamina in interval 155-935A-1H-1, ~46–46.5 cm.

Results of Comparison

Examination of the raw reflectance curves (Figs. 3, 4; top) fro
these measurements indicates that the dry sediments exhibit m
higher reflectance than the wet sediments. The wet and dry ref
tance values are about the same at 400 nm, but diverge significa
between 400 and ~560 nm. The differences in wet vs. dry values
mains constant or increases only slowly between ~560 and 700 
At the red end of the spectrum, the reflectance difference for the 
vs. dry sediments was 10% to 20%. If only these reflectance cur
were used for a comparison, one might conclude that the two spec
photometers give quite different results. However, first-derivati
curves provide a different perspective.

Comparison of first-derivative curves derived from the wet an
dry reflectance curves (Figs. 3, 4; bottom) suggests that the shipb
and shore-based measurements are much more similar than indic
by the raw reflectance curves (Figs. 3, 4; top). This similarity is es
cially obvious in Figure 3 (bottom), where both the shipboard a
shore-based curves exhibit the characteristic hematite peak at 
nm, a shoulder in the peak at 535 nm indicative of goethite combi
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with hematite, and a goethite peak at 435 nm. Although the positions
of the peaks in these two curves are identical, the amplitudes of the
peaks are slightly smaller for the wet curve (Fig. 3; bottom). This re-
duction in peak amplitude probably results from the lower reflectance
of the wet sediment, thus limiting the rate at which the slope of the
reflectance curve can increase. The two curves show substantial di-
vergence between 400 and 445 nm, which, as discussed above, prob-
ably can be attributed to the use of Saran Wrap to cover the cores, and
the tendency for reflectance values measured with the Minolta instru-
ment to fall off at the violet end of the spectrum.

For the other set of curves (Fig. 4; bottom), the general shape of
the curves is also quite similar; however, the peaks from the wet sed-
iment are much more muted. This difference may result from a higher
concentration of goethite relative to hematite (as indicated by the
height of the 435 nm peak) in this interval and/or from higher water
content in this interval compared to the upper interval (Fig. 3; bot-
tom). In addition, the wet measurement was taken right at the transi-
tion to an indurated, iron-rich oxidized lamina in interval 155-935A-
1H-1, ~46–46.5 cm, whereas the dry measurement was 1–2 cm a
the wet measurement. The curves diverge substantially between
and 435 nm (Fig. 4; bottom), presumably for the reasons stated in
previous paragraph.

Figure 3. Top: Percent-reflectance curves measured near the top of Core 155-
935A-1H-1. Interval 155-935A-1H-1, 10−11 cm, (solid squares) was mea-
sured on a wet core on board ship using the Minolta CM-2002; whereas Sam-
ple 155-935A-1H-1, 5−6 cm, (solid circles) was dried and measured in the
laboratory using the Perkin-Elmer Lambda 6. Bottom: First-derivative
curves derived from the reflectance curves at the top. Note that although the
reflectance curves differ, the first-derivative curves suggest the spectra are
similar (see text).
bove
 400
 the

Conclusion

Given the differences in the instruments used to measure the s
tral data and that wet vs. dry sediments were measured, it is surpr
how well the first-derivative curves correlate. If wavelengths <4
nm are eliminated because of instrumental differences and 
caused by Saran Wrap, there is almost a 1:1 correlation betwee
shapes of the wet and dry curves. Absolute values of the first de
tives derived from wet curves are smaller and produce first-deriva
curves in which variations are muted compared to curves from
dry measurements. Experiments in progress, in conjunction w
ODP Leg 164 sediments, will more fully delineate the effect of sa
ple wetness.

Comparison of Data Sets Derived from Wet (Shipboard) 
and Dry (Shore-Based) Measurements

Construction of Data Sets

Because of the high degree of correlation observed between 
vidual wet and dry reflectance curves at the two test intervals

Figure 4. Top: Percent-reflectance curves measured near the top of Section
155-935A-1H-1 from an interval about 30 cm deeper than the interval mea-
sured in Figure 3. Interval 155-935A-1H-1, 45−46 cm, (solid squares) was
measured on a wet core aboard ship using the Minolta CM-2002; Sample
155-935A-1H-1, 43−44 cm, (solid circles) was dried and measured in the
laboratory using the Perkin-Elmer Lambda 6. Bottom: Unlike the interval
measured above (Figure 3, bottom), the first-derivative curves derived from
the reflectance curves at this interval are somewhat less similar to each other.
In part, this difference may result from the higher concentration of goethite
and lower concentration of hematite in this core interval (see text for details).
197
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scribed above, we proceeded to apply a test that would examine the
structure of the data generated by analysis of a large number of reflec-
tance measurements from two comparable data sets from the majority
of Leg 155 holes. One data set was obtained aboard ship from wet
cores with the Minolta CM-2002. The other set was obtained from
measurement of dry, prepared core samples with the Perkin-Elmer
shore-based instrument. We applied the analytical technique factor
analysis to address the question “Is the variability in the two data s
contained in the same covarying wavelengths?” If the answer to 
question turned out to be yes, then the shipboard and shore-base
struments and techniques give comparable results despite all t
differences.

Our data set for the shore-based spectral analyses was de
from core samples taken at ~1.5-m intervals downhole (approxima
ly one sample per section). The shipboard spectral analyses were
formed at 40-cm or less intervals (about four per section). In orde
construct comparable data sets, we selected only those shipb
spectral analyses that were at or close to our sample depths down
We considered a shipboard measurement that was within 20 cm 
core sample to be at identical depths. In cases where the core sa
location was exactly midway between two shipboard measureme
we included both shipboard measurements; otherwise, only the c
est shipboard measurement to a core sample was utilized. Shipb
measurements and core samples separated from each other by 
than 20 cm were considered to have no equivalent, and neither 
included in the databases. Applying these guidelines to 12 Leg 
holes, we assembled a shore-based spectral data set of 1458 mea
ments and a shipboard data set of 1498 measurements. Dependi
depth of penetration below seafloor, each hole was represented b
to 170 measurements, or about one measurement per section (i.e
7 samples per core). The shore-based data set contained first-de
tive values from 255 to 845 nm for each sample interval resulting
a matrix of 1458 samples by 60 first-derivative values. In compa
son, the shipboard data set contained first-derivative values from 
to 695 nm, and the assembled matrix was 1498 samples by 30 f
derivative values. Because of the more limited range of the shipbo
instrument, we restricted our preliminary analysis of shore-bas
data to first-derivative values from 405 to 695 nm.

Factor Analytic Results

Each of the first-derivative data sets was factor analyzed from 4
to 695 nm. The factor analysis was performed with SAS (v 6.04) 
personal computers using the principal factors method to extract
factors and a varimax rotation to make interpretation of the fact
easier. We used R-mode factor analysis to group the first deriva
variables into factors. Factors were interpreted with respect to s
ment composition by comparing factor description curves to first-d
rivative curves (see below). R-mode factor analysis also allowed
to plot the importance (as indicated by factor scores) of each fac
determined sediment component downhole.

The shorter wavelengths (405–435 nm) in the shipboard data
had low communalities (<0.7) with a reasonable number of facto
that is, these wavelengths were poorly explained by the factor an
sis and made further interpretation of the first-derivative data dif
cult. Therefore, we eliminated these wavelengths from the data
and reanalyzed the data using the first-derivative values from 435
695 nm. Subsequent analyses showed that the 695-nm first-deriva
value also was not well explained by a reasonable number of fact
hence, we also eliminated the first-derivative values at 695 nm. T
final factor analysis of the shipboard data was carried out on first-
rivative values from 435 to 685 nm. The low communality value
from 405 to 435 nm and at 695 nm are undoubtedly related to the
troduction of noise, either from the effect of the Saran Wrap on sp
tra and/or from the limits of resolution of the instrument. Addition
testing will be required to determine the exact cause of this noise

We chose a four-factor solution for the shipboard data, which, p
or to rotation, explained 98.94% of the cumulative variance. The
four factors explained 48.73%, 33.04%, 15.69%, and 1.48% of 
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variance, respectively; all remaining factors explained 0.7% or les
the variance. Using these four factors, all the wavelengths were
plained with a communality >0.7, and most with a communality >0
Based on the work of Balsam and Deaton (1991), Deaton and Bal
(1991), and Balsam and Wolhart (1993), we interpret these factor
indicative of hematite and goethite, clay minerals, organic matt
and carbonate.

For the shore-based data set, we used only the first-derivative 
ues from 405 to 695 nm, so that our results would be comparabl
those from the data set. Unlike the shipboard data set, wavelen
communalities for the shore-based data were high; all waveleng
exceed 0.87. The shore-based data set required seven factors t
plain 98.71% of the cumulative variance, and each of these seven
tors explained more than 1% of the variance. This observation s
gests that the shore-based data are more sensitive to subtle varia
in the spectra. Individual factors, however, are comparable when 
tor-loading curves are compared (Fig. 5). Factor loadings indic
how important each wavelength is in a factor. When factor loadin
are plotted as a function of wavelength, they produce a factor-pat
curve. Comparison of shore-based and shipboard factor-pat
curves shows that Factor 1-shipboard corresponds to Factor 2-sh
based, Factor 2-shipboard corresponds to Factor 3-shore-based,
tor 3-shipboard to Factor 1-shore-based and Factor 4-shipboar
Factor 6-shore-based (Fig. 5). Individual shore-based factors exp
57.57%, 24.03%, 8.39%, and 1.63% of the variance, respectively

The results of this comparison of the shore-based and shipbo
data are encouraging. Although these data sets were generated
wet and dry samples with different instruments and different surfa
preparations, the four factors identified in the shipboard data set
also present in the shore-based data set (Fig. 5). Although the fac
differ in their relative importance in the data sets (i.e., explain diffe
ent amounts of variance), the overall shapes of the factor patterns
similar, which indicates that the same sediment components are
ing extracted from the wet and dry spectra. The observation that
matching factors do not explain the same amount of variance is 
surprising. These differences probably result from measuring wet
dry samples, the use of Saran Wrap, and differences in instrume
tion.

This comparison of data sets indicates that the answer to our q
tion “Is the variability in the two data sets contained in the same 
varying wavelengths?” is clearly yes. However, this answer must be
tempered by the observation that the shore-based spectral ana
provided more subtle spectral details, as is indicated by the lar
number of factors extracted to explain the same amount of varian
Our study does not indicate whether the increased sensitivity of 
shore-based analysis results from differences in wet vs. dry samp
types of instrumentation, or some other cause. Finally, we point 
that all major factors of the shipboard data set are present in 
shore-based data set, which suggests that for these samples, oxid
did not appreciably alter the spectra.

DETERMINING THE COMPOSITION OF LEG 155 
SEDIMENT FROM SPECTRAL ANALYSIS

The shore-based data set was utilized to illustrate the value of
flectance spectra for interpreting the composition of marine se
ments. This data set was chosen for a number of reasons. First, i
pears to be more sensitive to subtle variations in spectra. Conside
that most of the sediments from the Amazon Fan are very dark in 
or, subtle spectral changes may be important for interpreting com
sitional changes. Second, the added wavelength range of the sh
based spectrophotometer potentially could assist in distinguish
between various sediment components. Third, the spectral respo
of the shore-based spectrophotometer has been determined for a 
variety of minerals and other sediment components using dried 
ground samples (see for example Barranco et al., 1989; Balsam
Deaton, 1991; Deaton and Balsam, 1991; Balsam and Wolh
1993). Similar determinations would have to be made with the M
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nolta shipboard instrument on wet core surfaces before the ship-
board data set could be used for detailed interpretation of the spectra
of various sediment components. We are not aware of any studies to
date that used the Minolta instrument to analyze samples with known
concentrations of different sediment components. Such analyses
must be carried out both on wet and dry samples to determine the gain
or loss of information from varying analytical conditions. Neverthe-
less, the correspondence of shore-based and shipboard factors is very
encouraging and suggests that such ground-truth studies with the Mi-
nolta instrument will produce good results. However, such studies
were beyond the scope of the present study.

The entire wavelength range of the shore-based data set was uti-
lized, that is, for each of the 1458 samples, the 60 first-derivative val-
ues from 255 to 845 nm were analyzed. This data set was factor ana-
lyzed using SAS, and then wavelengths with low communalities
were deleted from further analyses. We settled on a data set that in-
cluded first-derivative values from 335 to 725 nm because first-deriv-
ative values less than 335 nm and greater than 725 nm added mainly
noise to the factor analysis. Recent work (Balsam and Deaton, 1996)
indicates that wavelengths in the NIR, especially from 740 to 850 nm,
are noisy. Although NUV wavelengths shorter than 330 nm appear to
add mainly noise to our Amazon Fan factor analyses, these short
wavelengths have proved valuable in studies of other regions (Bal-
sam and Deaton, 1996). After factor analyzing first-derivative values
from 335 to 725 nm, we decided on a six-factor solution because
98.5% of the cumulative variance was explained, and all the factors
explained at least 1% of the variance. Further, the factor-pattern
curves (Fig. 6) for the six factors could be related to known sediment
components.

Interpreting Factor-Pattern Curves and Relating Factors 
to Sediment Composition

Factor-pattern curves are interpreted by comparison to the vari-
ables they were derived from, in this case, first-derivative curves. Be-
cause peaks in first-derivative values are related to sediment compo-
sition (Balsam and Deaton, 1991; Deaton and Balsam, 1991), factor-
Figure 5. Comparison of factor-pattern curves for 
shipboard (Minolta; solid squares) and shore-based 
(Perkin-Elmer; solid circles) spectrophotometers. Fac-
tors are based on analysis of a data set from shipboard 
measurements and a comparable data set from shore-
based samples. Both data sets represent all Leg 155 
holes subjected to spectrophotometric analysis (see 
text). The shipboard and shore-based factors are simi-
lar, suggesting that, despite differences in sample 
preparation, core wetness, instrument type and opera-
tion, the Minolta instrument produces data that are 
generally equivalent to the Perkin-Elmer spectropho-
tometer.
pattern curves are interpreted by relating them to first-derivative
curves from samples with a known composition. A good example of
how factor pattern curves are interpreted is illustrated by the compar-
ison of shore-based Factor 3, VIS wavelength data set (Fig. 5) with
the first-derivative curve of a sample that contains a known mixture
of hematite and goethite (Fig. 7). Hematite has a single first-deriva-
tive peak between 555 nm and 575 nm, depending on concentration;
goethite has two first-derivative peaks, one at 435 nm and the other
at 535 nm (Deaton and Balsam, 1991). When combined, the goethite
tends to broaden the hematite peak, and the 535-nm goethite peak
produces a shoulder on the broadened hematite peak; the 435-nm
peak remains unchanged. However, hematite has a much stronger
spectral signal than goethite, and a small quantity of hematite will
overwhelm the goethite. As shown by the relative heights of the
peaks on Factor 3-shore-based compared to the known sample (Fig.
7), Factor 3-shore-based is rich in goethite relative to hematite. Ex-
amples of other minerals and sediment components are presented in
Balsam and Deaton (1991) and Balsam and Wolhart (1993).

It is important to keep in mind that the detection limit of spectrally
identified sediment components may differ from other, commonly
used methods of identification such as X-ray diffraction (XRD). For
example, Deaton and Balsam (1991) demonstrated that in a white
matrix, hematite can be identified at concentrations >0.01% by
weight, whereas with XRD, the detection limit is ~0.2%. It is also im-
portant to remember that, similar to XRD, the detection limit for a
specific sediment component using NUV/VIS/NIR spectra is subject
to a “matrix effect.”

Based on qualitative visual comparison to first-derivative spec
curves of mineral “knowns,” the factor pattern curves from the sho
based 335−725 nm database (Fig. 6) are interpretable in terms of s
iment composition. Factor 1 appears to be organic matter that ca
absorption in shorter wavelengths of the VIS and in the NUV (B
sam and Wolhart, 1993). Factors 2 and 5 are clearly related to 
oxides and oxyhydroxides; Factor 2 is goethite, and Factor 5 is he
tite (Deaton and Balsam, 1991). Factor 3 appears to be related
combination of clay minerals, most likely illite and montmorillonit
(Balsam and Deaton, 1991). Factor 4 matches the first-deriva
199
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curve for the clay mineral chlorite (Balsam and Deaton, 1991). How-
ever, we can’t rule out that Factor 4 is related to glauconite, ano
green mineral, which we have yet to analyze. Factor 6 appears t
calcite. Although calcite is white and has a uniformly high refle
tance value throughout the VIS, Balsam and Deaton (1991) and 
sam and Wolhart (1993) found that a first-derivative peak at ab
605 nm, a location where no other minerals have peaks, was rel
to calcite concentration.

Downcore Variations in the Factors

Factor analysis is useful not only because factor-pattern cur
can be used to determine where the variability in the data lies, but 
because the importance of each factor can be determined in each
ple. Factor scores, which indicate the importance of factors in a s
ple (see above), provide a temporal record of changes in a fa
when plotted downhole (e.g., Fig. 8). If a factor has been related 
sediment component or combination of sediment components, th
factor-score plot provides a semiquantitative estimate of change
those components. The value of a factor score is increased by the
that it can be estimated for samples that have not been included i
original factor data set.

Our interpretation of factor-score plots (Fig. 8) will be limited 
obvious changes and general trends because our analysis of the 
patterns is still somewhat cursory. As noted above, interpretation
the factor patterns is hindered by a number of problems. These p
lems include limits of resolution of the spectral technique for vario
minerals (or lack of knowledge of such limits), spectral interacti
between minerals (the “matrix effect”), and the mineralogically com
Figure 6. Factor-pattern curves from analysis of the shore-based spectrophotometer data set. The six-factor solution presented here explains 98.5% of the cumu-
lative variance, and all the factors explained at least 1% of the variance (see text).
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plex nature of marine sediments. In addition, for the purposes of
termining mineralogy, factor analysis has a serious weakness
groups together wavelengths that covary. This means that if two m
erals occur together, they will be grouped into the same factor. 
Factor 3 (Fig. 6), illite and montmorillonite, probably results from th
co-occurrence of these two minerals.

We can check our interpretation of several factors by compari
to shipboard compositional and mineralogical data (Flood, Pip
Klaus, et al., 1995). Specifically, we can contrast total organic carb
(TOC) to Factor 1, variations in XRD-determined clay minerals 
Factor 3, and variations in measured calcium carbonate conten
Factor 6 (Fig. 8; Table 2, on CD-ROM, back pocket, this volume)

Factor 1 and TOC

In general, the contrast between Factor 1 and TOC measure
Leg 155 (Flood, Piper, Klaus, et al., 1995) is good. Discrepanc
probably result from the way in which NUV/VIS/NIR spectra re
spond to organic materials. Organic material becomes darker 
age. Young organic material has an absorption band that exte
from the NUV into violet wavelengths of the VIS. This absorptio
band extends progressively farther through the VIS as organic ma
becomes older and more refractory (Balsam and Wolhart, 199
Highly refractory organic matter (e.g., coal) may be difficult to di
tinguish with NUV/VIS/NIR spectra. The pattern curve for Factor
(Fig. 6) suggests that this factor is responding mainly to less ref
tory (young) organic matter, whereas the shipboard TOC data tr
represent TOC (Shipboard Scientific Party, 1995), including bo
young material and older, more refractory material. Because Leg 
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holes were drilled in areas of extremely high terrigenous sediment ac-
cumulation, the presence of refractory organic matter is to be antici-
pated. Despite the possibility that refractory organic matter is present
and that there are relatively few downhole TOC shipboard analyses,
the comparison between Factor 1 and TOC for all the holes is surpris-
ingly good.

In most of the holes, the overbank deposits of the channel-levee sys-
tems show fairly constant Factor 1 scores downhole; however, the
younger hemipelagic sediments that blanket the channel-levee systems
show much more variable factor scores downhole (Fig. 8, Sites 932,
933, 938, 939, 940, and 942). This relationship is especially evident in
Hole 942A where lithologic Units I through V (0−~75 mbsf) are more
hemipelagic dominated and apparently reflect fluctuations in sediment
input controlled by glacio-eustatic sea-level fluctuations (see oxygen
isotopes curve, Fig. 8, Site 942; and Showers et al., this volume). Lithic
Unit VI below is thick levee overbank deposits and shows much more
constant Factor 1 scores than lithologic Units I to V above. Factor 1
scores from mass-transport deposits (Fig. 8, Sites 933, 935, 936, 941,
and 944) and HARP units (Fig. 8, Sites 935 and 936) also show quite a
bit of internal variability when compared to the levee overbank deposits.

Factor 3 and Clay Mineralogy

The comparison of Factor 3 to XRD-determined clay minerals in
Leg 155 holes is uncertain for several reasons. First, Factor 3 appears
to be a combination of several clay minerals including illite and
montmorillonite. Second, shipboard XRD determinations did not dis-
tinguish mica from illite, and the data were presented as mica and il-
lite combined (Shipboard Scientific Party, 1995). Third, it is difficult
to quantify mineral content from XRD data because of the “matrix 
fect.” As a result, the shipboard XRD data for clay-mineral samp
were normalized to the kaolinite peak height-making variations
other clay minerals dependent on changes in kaolinite. Given th
limitations, we can only conclude that shipboard XRD determin
tions of clay mineralogy do not conflict with our interpretation o
Factor 3 as illite and montmorillonite. It is interesting to note that t
red/blue color-reflectance ratio determined for shipboard spectra 

Figure 7. Example of interpretation of a factor-pattern curve (shore-based
Factor 3; VIS wavelength 400–700 nm; Fig. 5) by comparison to the fir
derivative curve from a known sample, which contains 1% hematite, 
goethite, 60% quartz, 30% chlorite, and 7% calcite.
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responds best to our Factor 3 and may, therefore, represent a co
nation of clay minerals.

Factor 6 and Carbonate Content

We used the vacuum-gasometric technique of Jones and Kait
(1983) to determine weight percent calcium carbonate content of a
majority of the same core samples that we analyzed with the Per
Elmer spectrophotometer (Fig. 8; Table 2, see CD-ROM). This te
nique, as applied in our laboratory, has an accuracy of ±1%. Carbon-
ate curves for all analyzed holes exhibit a carbonate high (25%−40%)
at the very top of each hole; carbonate values then rapidly fall 
downhole to 1% or less for the remainder of the hole (Fig. 8). Ad
tional carbonate highs rarely occur downhole but, when present,
relatively thin beds (Fig. 8) (see also Mikkelsen et al.; Maslin a
Mikkelsen; Piper et. al, Chapter 39; and Showers et al., all this v
ume). In contrast, Hole 942A exhibits several carbonate spikes in
upper 75 mbsf that appear to correlate with isotope Stages 5E,
5A, and 3 (Fig. 8, Site 942; see also Showers et al., this volume).

The veracity of our interpretation that Factor 6 is controlled b
carbonate content is evident from the comparison of the factor sc
with the carbonate curves (Fig. 8). Almost every carbonate high at
top of each hole correlates with a peak in Factor 6. In addition, 
Holes 938A, 941A, and 942A (Fig. 8), there is a direct correlation b
tween changes in carbonate content and Factor 6. In three other h
932A, 936A, and 940A, Factor 6 scores and carbonate content do
appear to show a consistent correlation.  In Hole 940A, the carbon
high at the top of the hole does not appear to produce a correspon
change in Factor 6 (Fig. 8, Site 940); however, the redox bounda
which in other holes commonly contains iron-rich crusts and produ
es high factor scores indicative of low carbonate content, is near
top of this hole, and the interval sampled for spectrophotometry a
carbonate (interval 155-946A-1H-1, 7−8 cm; Table 2 on CD-ROM)
is in this redox boundary zone between rust-colored iron-rich cru
(intervals 1H-1, 6−7 cm and 10−13 cm; Flood, Piper, Klaus, et al.,
1995). In Hole 932A, a carbonate high at about 45 mbsf is matc
by a prominent valley in the Factor 6 curve (Fig. 8, Site 932), wher
in Hole 936A, a carbonate peak at about 101 mbsf has no corresp
ing Factor 6 peak (Fig. 8). For the remainder of the holes, either
carbonate content is consistently low and is matched by values
Factor 6 that show very little fluctuation, or our carbonate analys
were restricted only to top portions of holes in which Factor 6 exh
its changes farther downhole. Clearly the spectral technique is n
perfect predictor of carbonate content, but given the generally l
carbonate values prevalent in Amazon Fan sediments because o
tremely high terrigenous dilution (Fig. 8), Factor 6 is remarkably r
liable at predicting carbonate highs.

Temporal Changes in Factors

The most obvious change in the factor-score plots occurs in 
top few meters of each hole where each factor score shows large 
tuations in this thin interval. Generally, these fluctuations are fro
high values in the shallowest samples to low values slightly deep
and then to back to higher values downhole. These rapid fluctuati
appear to result from the combined effect of the presence of a re
layer and changing sediment characteristics related to glacio-eus
sea-level rise at the beginning of the Holocene. Piston-core studie
the Amazon Fan and the adjacent Guiana Basin prior to Leg 155
vealed that latest Pleistocene-age sediments are gray muds and 
bedded silt/sands, commonly stained by hydrotroilite. These se
ments are overlain by a thin (generally 1 m or less) layer of tan
brownish pelagic calcareous clay to foraminifer ooze of predom
nantly Holocene age (Damuth, 1977). Although slightly diachrono
across the Guiana Basin, this redox boundary between the brown
idized sediments above and the gray reduced sediments below
proximately marks the Holocene/Pleistocene boundary and is co

st-
2%
201
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Figure 8. Do 2 Leg 155 holes. The oxygen-isotope curve for Hole 942A is from Show-
ers et al., thi d for some or all samples down each hole (see Table 2 on CD-ROM, for
sample locat units, subunits, seismic-facies units, and seismic units of the Amazon Fan
(e.g., Amazo s, et al., 1995, for explanation of symbols and detailed descriptions of lithology
and seismic bued lines) boundaries.
wnhole variations in factor scores for the six factors (Fig. 6) derived from land-based spectral analysis of samples from 1
s volume. Weight percent calcium carbonate as determined by the vacuum-gasometric technique (see text) is also plotte
ions and carbonate values). The schematic diagram to the left of each set of plots shows composite lithology, lithologic 
n Channel System) at each drill site (see “Explanatory Notes” and appropriate site chapters in Flood, Piper, Klau
 facies). Horizontal lines through factor-score and carbonate plots delineate lithologic unit (solid lines) and sunit (dash
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Figure 8 (continued). 
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Figure 8 (continued). 
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Figure 8 (continued). 
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Figure 8 (continued). 
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Figure 8 (continued). 
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Figure 8 (continued). 
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Figure 8 (continued). 
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Figure 8 (continued). 
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Figure 8 (continued). 
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Figure 8 (continued). 
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Figure 8 (continued). 
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monly indicated by the occurrence of a thin (<5 cm), diagenetic, iron-
rich crust (Damuth and Fairbridge, 1970; McGeary and Damuth,
1973; Richardson, 1974; Damuth and Kumar, 1975; Damuth, 1977;
Damuth et al; 1988). These same stratigraphic relationships occur in
the top 2 m of each of the Leg 155 holes (Flood, Piper, Klaus, et al.,
1995).

Most of the analytical results of pore water chemistry including
salinity, pH, alkalinity, Ca+, SO4

2–, NH4
+, HPO4

2–, K+, Na+, Fe2+, and
Mn2+, while indicating a change in the top 10−20 m, are too widely
spaced to be correlated to spectral variations noted above (Flood, Pip-
er, Klaus, et al., 1995). The change from carbonate-rich sediments at
the top of the hole to sediments rich in the dark iron monosulfide hy-
drotroilite (FeS · nH2O) just below is probably responsible for mos
of the rapid variation in the factor-score plots (Fig. 8). Superimpos
on these changes are variations in sediment composition that re
from the Holocene transgression. During the late Wisconsin lo
stand, the Amazon River debouched its sediment directly into 
head of the Amazon Submarine Canyon at the continental shelf e
and allowed deposition of large amounts of gray terrigenous se
ment to be deposited by turbidity currents and related flows acr
the Amazon Fan. In contrast, the Holocene transgression forced
locus of river sedimentation to the innermost shelf and preven
most terrigenous sediment from reaching the fan during the H
locene. The fan became essentially inactive, and only the thin la
of tan to brownish pelagic calcareous clay to foraminifer ooze ac
mulated (Damuth and Kumar, 1975; Damuth, 1977; Flood, Pip
Klaus, et al., 1995). The shipboard spectral data presented as the
blue reflectance ratio exhibit similar high-frequency variations in t
top 5−10 m in most of the holes. Additional temporal changes aw
the development of a more refined stratigraphy and a more thoro
understanding of the meaning of our factors.

CONCLUSIONS

1. Comparison of spectral data measured from wet Amazon 
sediments aboard the JOIDES Resolution using a handheld
spectrophotometer (Minolta CM-2002) with spectral data d
rived from dry Amazon Fan sediment samples using a labo
tory-grade spectrophotometer (Perkin-Elmer Lambda 
produces surprisingly comparable results when the first-der
ative curves derived from raw percent-reflectance curves 
used for the comparison. If wavelengths <430 nm are elimin
ed because of instrumental differences, and the bias from 
ran Wrap used to cover the wet cores is taken into accou
then the shapes of the wet and dry first-derivative curves sh
almost a 1:1 correlation. Absolute values of the first-deriv
tives derived from wet percent-reflectance curves are sma
and produce first-derivative curves in which variations a
muted compared to curves from the dry measurements.

2. Factor analysis performed on a shore-based data set of 
prepared core samples produced at least seven interpre
factors, whereas factor analysis of a shipboard data set der
from analysis of wet sediments yielded only four factor
However, the four factors identified in the shipboard data 
are also present in the shore-based data set. Although the
tors differ in their relative importance in the data sets (i.e., e
plain different amounts of variance), the overall shapes of 
factor patterns are similar, which indicates that the same s
ment components are being extracted from the wet and 
spectra. The shipboard results appear more muted, that is 
contain less information, probably because wet samples w
analyzed, although use of Saran Wrap and differences in
strumentation cannot be ruled out as causes.

3. The first four factors of the shipboard analyses and the com
rable factors from the shore-based analyses may be interpr
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in terms of sediment composition. These factors apparen
represent hematite and goethite, clay minerals, organic mat
and carbonate.

4. Analysis of the entire wavelength range of the shore-bas
data set results in six factors each explaining more than 1%
the variance. These factors represent in order of decreas
variance explained organic matter, goethite, illite and mon
morillonite, chlorite, hematite, and carbonate contents. Wh
factor scores for each of these factors are plotted downho
the resulting curves appear, in some intervals, to reflect te
poral relationships related to fluctuations in fan sedimentatio
caused by glacio-eustatic sea-level fluctuations. In additio
various fan units and deposits (e.g., levees, HARP units, ma
transport deposits, and hemipelagic sediments) appear to sh
somewhat characteristic factor scores for some factors.

5. The results of our comparisons of shipboard vs. shore-ba
data sets allow us to suggest a number of recommendati
(listed below) that should be employed when collecting spe
tral data aboard the JOIDES Resolution.

RECOMMENDATIONS FOR USING THE MINOLTA 
COLOR SCANNER

Use of Plastic Food Wrap to Cover Wet Cores During Scanning

If plastic food wrap is used to cover cores during scanning, w
strongly recommend that only the brand Glad Cling Wrap (crys
clear polyethylene) be used. Testing of several brands of food wrap
revealed that Glad Cling Wrap is the only one tested that transm
light uniformly across the VIS and has minimal effect on spectra (s
Fig. 2 and discussion above). Saran Wrap, which was used aboard
JOIDES Resolution prior to Leg 164, causes a decrease in reflectan
at the violet end of the spectrum and transmits light less uniform
across the spectrum, and thus is less preferable than Glad C
Wrap.

Calibration of the Minolta CM-2002

Do not use the Glad Cling Wrap, or any other plastic wrap, to co
er the white calibration cap when calibrating the Minolta instrumen
During calibration the instrument is expecting to receive a particu
set of reflectance values from the white cap that are stored in the
strument’s memory card. These values are not uniform through
the VIS, but tend to decrease toward the violet end of the spectr
(see Fig. 1 and discussion in text).

SCE vs. SCI Setting

The Minolta CM-2002 has a switch that allows the specular co
ponent to be included (SCI) or excluded (SCE). Including the spe
lar component (SCI) essentially includes glare and provides a be
estimate of color as seen by the human eye. However, glare does
contribute to the spectrum reflected from the sediments. We recom-
mend setting the switch to SCE. The SCE setting should provide bet-
ter data for determining sediment mineralogy and composition, a
should provide data that are more easily compared with data gathe
by diffuse-reflectance (SCE setting only) laboratory spectrophoto
eters (see discussion in text and Table 1).

Granular-Materials Cover Set (CM-A40)

A glass lens with a vinyl cover can be attached to the Minolta CM
2002 instrument to protect it when measuring wet materials, po
ders, etc. Please note, however, that the instructions for the Granu
Materials Cover say that “Data measured with the CM-2002 inside
the Cover may be different than data measured with the CM-2002
alone.” We therefore recommend that wet cores be covered w
Glad Cling Wrap rather than using this cover.
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Timing of Spectral Measurements Aboard Ship

Because dewatering and oxidation change the characteristics of
the sediment, it may be best to wait as long as possible during core
description and processing before taking spectral readings. Changes
related to dewatering take place rapidly at first and then become more
slow. Oxidation is a slower process.
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